Background The purpose is to evaluate the accuracy of computed tomography (CT) in the pulmonary staging of osteosarcoma.
Introduction
The survival rate of patients with osteogenic sarcoma has greatly improved with the institution of a multidisciplinary approach that combines multi-agent che- 
Patients and methods
Between June 1988 and April 1997, 51 palienls considered metastatic to the chest at initial CT had lung surgery, followed by the histological study of all lesions removed This was a consecutive series of patients al a single hospital The same unit (Sytec 3000 GE. Milwaukee. USA), and technique (no injection, holding breath when possible, 8 mm thickness every 7 mm, 6 mm thickness every 5 mm in young children, high resolution acquisition [3 mm] when needed) were used for all CT Whatever the size, all nodules detected were considered positive Lung surgery was unilateral in 32 patients and bilateral in 19 (simultaneous in 17, in 2 times in 2) Forty-six patients received preoperative chemotherapy and all were given postoperative chemotherapy The five patients who had surgery without preoperative chemotherapy had only one CT examination, the others had 2 (24 patients), 3 (19 patients), or 4 (3 patients) CT examinations before surgery Thoracic surgery was performed at a short interval from surgery for primary tumor in 44 patients (0-3 months), and postponed in 7 (3-5 months) The delay between CT and thoracic surgery was 0-2 months in 9 patients (18%), 2-3 months in 36 (70%) and more than 3 months in 6 (12%) Two teams of senior radiologists from two sarcoma groups (Italian and Scandinavian) independently reviewed all CT examinations They were blinded as to outcome The number, location (unilateral vs bilateral), size (measured on films), and density (evaluation of calcifications, without measurements) of the pulmonary nodules was evaluated When patients had several CT examinations, variations in number, size and density of the nodules were considered Results of preoperative CT were histologically compared with the number and diagnoses of the nodules removed No other comparison was possible because the shape of the chest changes after surgery Chi-squared test was used for differences between groups
Results
One hundred nineteen CT's were reviewed. On the initial CT, the two teams found 247 (average 4.8) and 268 (average 5 2) nodules, on the preoperative CT evaluation (which was compared to histology), 143 and 146 nodules were seen (average 3.1) Histological studies confirmed metastatic nodules in 29 patients (57%) and no metastatic disease in 22 (43%) Two hundred four nodules were excised and histologically studied (1-19 per patient) One hundred nine (53%) were metastases. The 22 patients without metastases had 53 negative nodules removed (1-7 per patient, average 2.4) In the 29 patients with metastases, 151 nodules were removed (1-19, average 5 2) and 42 were non-metastatic. When the number of nodules was considered, only 4 out of 13 patients (31%) with one nodule at surgery were metastatic, as opposed to all patients with more than seven nodules (Table 1) When the initial size of the nodules was considered, false positive lesions tended to be smaller (68% smaller than 5 mm), compared to metastatic nodules (35% smaller than 5 mm (P = 0.035, Table 2 )) The 46 cases with more than one available CT were studied for changes in size, number of nodules, and density (Tables 3-5) Twelve out of the 19 false positive patients (63%) and 6 out 27 metastatic patients (22%) had no change in the number of nodules (P = 0 01). Patients with benign nodules were likely to have no change in the number of lesions under chemotherapy. Patients with an increase or decrease in the number of tumors were more likely to be proven to have metastases. Tumors that remained unchanged in size with treatment were more likely to prove benign Tumors that either grew or shrank following chemotherapy were more likely to be metastatic. Although none of these criteria were significant.
Histology of the false positive nodules revealed 23 with subatelectasia, 14 with lymphoid inflammation or infiltration, 12 with interstitial fibrosis, seven with bronchiolitis obliterans with organizing pneumonia (BOOP), two with chondroid, granular, necrotic tissue, and one hemorrhagic nodule The remaining were benign, without a more precise diagnosis As expected, follow-up revealed a difference between the metastatic and false positive patients (Table 6) . Table 4 False Met P Table 5 False Met 
Discussion
The chest is by far the most common location for metastases from osteosarcoma. They were the main cause of death before efficient chemotherapy Now with neoadjuvant chemotherapy [5] they are less frequent and delayed, but still remain a major prognostic factor.
CT is considered the best modality to detect pulmonary metastases [3, 6] . In the staging of pediatnc, Wilms' tumor interobserver variability was considered a major problem [4] It was thus suggested that the ability of CT to detect lesions might be too limited for practical use, and surgery might be questionable in patients with normal plain films and abnormal CTof the chest. Therefore they proposed the use of an optimal technique and a central review process. Another study on osteosarcoma drew almost the same conclusion (follow the patients on plain films, and use CT only before surgery [7] ) Interobserver variability had a limited impact on our results, especially on preoperative examinations. Spiral CT seems to improve results, allowing a shorter acquisition time, breath holding technique, and contiguous slides. On the other hand, in dogs, experimental studies of pulmonary metastases from osteosarcoma revealed limitations of spiral CT (non-detection of small lesions, and false positive examinations) [8] , and minimal impact of breath-holding on nodule detection [9] . In this study, a spiral CT unit probably would have detected more nodules, but the practical problems of nodule characterization remain unvaried.
As others [10], we tried to improve the specificity through a precise study of the nodules. The number is of limited help. Although all patients with more than seven nodules at surgery were metastatic, the results had no practical use when the number of nodules was less (31%-75% of metastases), and no precise number could rule out metastases. In the same way, none of the other criteria studied were reliable enough to rule out metastases, either on the initial examination, or during preoperative follow-up High-density nodules, which are usually considered a good sign of benignancy, as benign lesions can calcify, does not apply in osteosarcoma, where metastases can ossify [11] . During preoperative chemotherapy, the number of metastatic nodules can change (good or poor effectiveness of treatment), but this can also apply to benign lesions. In the same way, changes in size are not reliable enough to use for a differentiation capable of distinguishing benign nodules from metastases on CT.
All our nodules were histologically checked Although it is not impossible for small metastatic nodules to become completely fibrotic after efficient chemotherapy, it is not the rule, and remaining ossification usually allows an accurate differentiation On the other hand, aggressive pulmonary surgery is the best and probably only modality to cure patients with osteosarcoma and pulmonary metastases [2, 12, 13], where a complete removal of all lesions is mandatory As many as 25% of patients with pulmonary metastases are cured Even if surgery is more efficient when metastases occur late and are few, no other efficient alternative is available. Thus, even with the limitations of CT, today there seems to be no better choice than lung surgery determined by CT examinations, which implies useless surgery for almost half of the patients, with the aim of curing one fourth of the metastatic ones.
Moreover, if the number of false positive nodules is very high, operable patients with nodules on chest CT should be administered the same preoperative chemotherapy as patients with localized disease Patients should usually be treated with more aggressive chemotherapy only after metastatic disease has been histologically confirmed Single Photon Emission Tomography may improve diagnostic specificity [14] , but its sensitivity is too limited [15] . Positron Emission Tomography first results reveal a high specificity, but sensitivity seems limited in small lesions [16] .
Conclusion
CT is a technique with an acceptable interobserver reproducibility in the detection of pulmonary metastases from osteosarcoma Its sensitivity and specificity are limited, and surgery remains the only alternative to cure a percentage of metastatic patients. Since no better diagnostic technique is presently available, CT will still be used as the reference technique, until a more specific approach is found. 
